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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The invention relates to methods for facilitating 
total hip arthroplasty. 

Background Information 

[0002] Hip arthritis due to malfunctions, fractures and 
diseases constitute a major source of disability. Recon- 
struction of the hip, whether involving first time hip re- 
placement or replacement of failed components, is com- 
plicated by the great mobility of the hip joint and the un- 
certainty in the exact position of pelvis and femur during 
surgery. When a hip joint is replaced, as in total hip ar- 
throplasty, critical factors to assess include changes in 
leg length, tension of the tissues around the joint, and 
stability of the replaced hip or its resistance to disassem- 
bly, referred to as hip dislocation. These critical factors 
are generally checked by means of a "trial reduction" (i.e., 
an insertion of the prosthetic femoral head into the pros- 
thetic acetabulum ). It is during this trial reduction that 
these critical parameters can be assessed to determine 
if the goals of the reconstruction are being achieved. 
[0003] This assessment includes moving the femur 
with respect to the pelvis over ranges of motions, includ- 
ing flexion/extension, adduction/abduction and internal/ 
external rotation. The trial reduction can be used to gen- 
erally assess leg length, tissue tension, and limits of mo- 
tion. For example, motion may be limited by tethering of 
tissues coming under tension, impingement of the pros- 
theses against each other (prosthetic impingement), im- 
pingement of the tissues themselves (nonprosthetic im- 
pingement), or dislocation of the prosthetic femoral head 
out of the prosthetic acetabular socket in the absence of, 
or in advance of, prosthetic impingement. 
[0004] On detection of unacceptable changes in 
length, or of an unsafe or restricted range of motion, cor- 
rections must be made and the process repeated. This 
prolongs the operation,. Further, failure to optimally place 
the implants within the body can result in instability of the 
prosthetic joint or in inappropriate leg length, both of 
which may require reoperation. From WO-A-02062248 
and US-A-2002/077 540 it is known to take intraopera- 
tive x-ray pictures of a pelvis and to determine charac- 
teristics of a pelvis by measuring landmarks. 

SUMMARY OF THE INVENTION 

[0005] In accordance with the present invention, I pro- 
vide a method for accurately and efficiently identifying 
the positions of the pelvis during surgery. 
[0006] The invention makes use of surgical navigation 
elements that have come into recent use in surgical pro- 
cedures. Surgical navigation systems use light, sound 



(specifically, ultrasound) or electromagnetic signals to 
determine the position of reference elements in an oper- 
ating room. For example, a reference element placed on 
a digitizing probe can be tracked by a sensing system in 
5 the operating room so as to determine its position very 
accurately. Knowing the location in three-dimensional 
space (i.e., the operating room) of the reference ele- 
ments, and knowing the location of this element with re- 
spect to the tip of the probe on which it is mounted, the 
10 location of the tip of the probe (and thus anything with 
which it is in contact) can accurately be determined. Sim- 
ilarly, a reference element may be placed on a body seg- 
ment such as the pelvis or femur. Critical points on the 
body segment can then be determined simply by tracking 
15 the relative position of the digitizing probe and the body 
segment. Additionally, line segments can easily be de- 
termined by digitizing pairs of points. 
[0007] The present invention extends prior surgical 
navigation systems to enable the performance of a "vir- 
20 tual", as opposed to a physical, trial reduction of the hip 
prior to its actual reduction on completion of the surgical 
procedure. In particular, in accordance with the present 
invention, initial measurements of significant parameters 
of the patient are made and stored. These measurements 
25 may include not only the distance between selected land- 
marks on the patient's pelvis and femur, which enables 
the surgeon to ensure that desired leg length is main- 
tained or achieved by the operation, but also may include 
measurements of offset and of the free range of motion, 
30 among others, so that these parameters may also be 
verified after the operation, and the changes resulting 
from the surgery can be quantified. 
[0008] In order to make the requisite measurements, 
suitable coordinate systems must be established for the 
35 pelvis and for the femur. Common landmarks for a pelvic 
coordinate system are the two anterior superior iliac 
spines and the pubic symphysis. A variety of techniques 
are currently used to determine (i.e., measure) these 
landmarks, including direct digitization with a navigated 
40 probe (i.e., a probe having reference elements associat- 
ed with it whose position in three-dimensional space can 
accurately be determined); by using preoperative three- 
dimensional CT or MR scan images of the landmarks 
and thereafter registering the images with the actual land- 
45 marks during the operation; or by making multiple fluor- 
oscopic images of the pelvis intraoperatively, digitizing 
the selected landmarks on the images, and backproject- 
ing them to determine their actual location. All of these 
methods are inefficient. 
50 [0009] Directly digitizing certain landmarks such as the 
superior spines or the pubic symphysis by touching the 
skin or probing through the skin requires that these land- 
marks be accessible during the surgery. Further, the an- 
terior superior iliac spines are ill-defined, rounded land- 
55 marks that are difficult to determine accurately by direct 
digitization. Similarly, developing a pelvic coordinate sys- 
tem by preoperative three-dimensional imaging has a 
number of shortcomings. To begin with, the patient must 
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undergo a test preoperatively that might otherwise be 
unnecessary. Further, during surgery, the three-dimen- 
sional dataset of the pelvis must be "registered" to the 
actual pelvis, a procedure which itself can be time con- 
suming. Likewise, developing a pelvic coordinate system 
by obtaining multiple fluoroscopic images and backpro- 
jecting is both time consuming and difficult. Frequently 
the quality of the images is poor, since they must often 
be taken at angles that require penetration not only of 
the patient's body but also of the apparatus that stabilizes 
the patient and of the operating table as well. Finally, 
attempting to combine directly digitized information with 
fluoroscopic images is subject to the drawbacks of both 
methods. 

[0010] In order to address these and other problems, 
in accordance with the present invention as claimed in 
claim 1 , a pelvic coordinate system is created based on 
a single approximately AP (anterior-posterior) fluoro- 
scopic image of the pelvis taken intra-operatively. The 
image is preferably formed in a single exposure, but may 
be formed as a composite of two or more exposures of 
adjacent or overlapping regions but all from the same 
orientation, i.e., approximately AP. Hereinafter, this im- 
age, whether formed from a single exposure or from a 
composite of such multiple exposures, will be referred to 
as a "single" image or, more often, simply as "the" image. 
[0011] From this image, important landmarks on the 
pelvis are determined. On the anterior portion of the pel- 
vis, a preferable landmark is the pubic symphysis; the 
image point on the AP image corresponding to this land- 
mark is referred to herein as "PS". On the posterior por- 
tion of the pelvis, preferable landmarks are the inferior 
portions of the left and right sacroiliac joints; the image 
points corresponding to these landmarks are referred to 
herein as "LSIJ" and "RSIJ", respectively. Further useful 
landmarks are the left and right teardrops ("LTD", "RTD"); 
as described herein, the teardrops advantageously may 
be used to provide a first reference axis for a pelvic co- 
ordinate system, as well as to provide a reference length 
for calibrating angular orientation of the pelvis. 
[0012] Although the size of the pelvis, and thus the 
distance between designated landmarks on a pelvis, var- 
ies from patient to patient, there is considerable consist- 
ency of ratios among various landmarks from patient to 
patient. For example, the ratio of the width of the pelvis 
(as measured by the interteardrop distance) to the depth 
of the pelvis is relatively consistent over large groups of 
patients of the same sex. The same is true of other land- 
mark distances, such as that between the pubic symph- 
ysis and posterior landmarks such as the LSIJ and the 
RSIJ. This consistency is applied to advantage in forming 
a pelvic coordinate system from the near AP fluoroscopic 
image. 

[0013] In particular, on the image, a line extending be- 
tween the LTD and RTD image points establishes a first 
reference axis; the distance between these points (the 
"interteardrop" or "ITD" distance) provides a normaliza- 
tion factor for other measurements. A perpendicular from 



this axis to the midpoint (MPSIJ) between the LSIJ and 
RSIJ image points provides a second reference axis; for 
ease of reference, the perpendicular will be referred to 
as the "MPSIJ-TD" (i.e., "Mid Point of Sacroiliac Joints- 

5 to-Tear Drop") axis. In a perfectly-positioned, true AP 
view of the pelvis, the MPSIJ-TD line would perfectly in- 
tersect the pubic symphysis. This would demonstrate that 
the middle of the anterior portion of the pelvis is directly 
in front of the middle of the posterior portion of the pelvis, 

10 thusconfirmingthatthere is no rotation of the pelvis about 
the longitudinal (or "axial") axis of the body. Conversely, 
any transverse (transaxial) separation in the near AP im- 
age between the image of the midpoint of the pubic sym- 
physis ("MPPS") and the MPSIJ-ID axis indicates axial 

15 rotation of the pelvis in relation to the plane of the image. 
The ratio of this distance to the ITD distance provides a 
direct indication of the amount of angular rotation. 
[0014] Transaxial rotation, which is a measure of pelvic 
flexion/extension, is likewise determined from the near 

20 AP fluoroscopic image. Transaxial rotation is determined 
by measuring the vertical (axial) distance on the image 
between the sacroiliac midpoint image point (MPSIJ) and 
the pubic symphysis image point (PS), normalized by 
dividing by the inter-teardrop (ITD) distance to thereby 

25 obtain a numeric index, k = (MPSIJ-PS)/ITD. If the pelvis 
is generally parallel to the fluoroscopic image plane, k 
will be relatively fixed (i.e., have essentially the same 
value) over a wide range of same-sex population, say k 0 . 
A value of k greater than k 0 indicates rotation anteriorly; 

30 conversely, a value of k less than k 0 indicates rotation 
posteriorly. The amount of rotation is thus a function of 
(k-k 0 ) and accordingly the image point measurements 
may be corrected for transaxial rotation, as well as for 
axial rotation, to provide an accurate indication of the 

35 position of the pelvis in the operating room coordinate 
system. Thus, from a single AP image, both axial and 
transaxial rotation of the pelvis may quickly be deter- 
mined and corrected for. 

[0015] Next, a femoral coordinate system is estab- 
^o lished. This may be done by various known techniques, 
but is preferably done rapidly and efficiently in further 
accordance with this invention. First, the trochanteric fos- 
sa point, TF, of the femur is digitized directly through the 
surgical exposure. Next, the medial and lateral epi- 
45 condyles of the femur are digitized percutaneously. The 
midpoint of those two points is taken as the center of the 
knee, CK. The line TF-CK defines the femoral shaft axis, 
(FSA). 

[0016] The lower leg axis (LLA) is then digitized with 
50 the knee bent 90 degrees. A plane containing the center 
of the knee, CK, and perpendicular to the Lower Leg Axis 
(LLA) and another plane containing the center of the 
knee, CK, and perpendicular to the femoral shaft axis 
(FSA) intersect in a line defined by the intersection of 
55 these two planes; this line is taken as the condylar axis. 
The condylar plane is then taken as the plane that con- 
tains both the femoral shaft axis and the condylar axis. 
[001 7] When the hip joint is sufficiently intact as to have 
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a reasonably well defined center, this center is deter- 
mined by any of several methods. One known method 
to determine the hip joint center is to move the unreplaced 
hip through a range of motion and then calculate the cent- 
er of rotation of that motion. Another known method is 
by biplane radiography and backprojection. However, 
this method requires the taking of multiple fluoroscopic 
projections, and is thus less desirable. 
[001 8] A preferred method of determining the hip joint 
center is to first determine the center of rotation on the 
single near AP image that has been taken for the purpose 
of determining a pelvic coordinate system. This defines 
a line upon which the center of hip rotation lies (the ad- 
duction/abduction axis).. The femur then, instead of be- 
ing placed through a full range of motion to calculate the 
center of rotation, may then simply be flexed and extend- 
ed. The location where the flexion/extension axis, deter- 
mined kinematically, crosses the adduction/abduction 
axis, determined radiographically, is the center of rotation 
of the hip. The reason that this method is preferred is that 
when a hip joint becomes arthritic, it usually becomes 
aspherical to a greater extent in adduction/abduction mo- 
tion than in flexion/extension motion. This means that the 
center of rotation, as determined in the adduction/abduc- 
tion plane is better determined radiographically (since 
kinematics may be inaccurate) and that the center of ro- 
tation, as determined in the flexion/extension plane, is 
better determined kinematically for the reasons that kin- 
ematic flexion/extension determination is likely to be ac- 
curate and because images in this plane are difficult to 
obtain. 

[0019] When the hip is dislocated, e.g., during surgery, 
another, known method of determining the center of ro- 
tation of the hip is to directly digitize points on the acetab- 
ular and femoral head surfaces and calculate the center 
of each sphere. However, this may readily be done by 
fitting to the femoral head an implement having a spher- 
ical recess conforming to the head; a variety of such im- 
plements are preferably provided, one for each head 
size. With a reference frame affixed to the spherical in- 
strument, and knowing the geometry of the implement 
and of its spherical recess, the center of rotation of the 
femur can instantly be identified. Similarly an implement 
in the form of a round ball of known dimension that con- 
forms to the acetabulum may be placed into the acetab- 
ulum. Again, knowing thegeometry of the implement and 
with a reference frame affixed to it, the center of rotation 
of the acetabulum can instantly be determined. 
[0020] With the femoral head center determined, the 
femoral coordinate system can be completed. A plane 
that includes both the femoral shaft axis, FSA, and the 
center of the femoral head, is then the preoperative an- 
teversion plane. Similarly, during surgery later, a plane 
that includes the femoral shaft axis, (FSA), and the center 
of the prosthetic, or trial prosthetic femoral head, is then 
the new anteversion Plane. 

[0021] The center of the hip relative to the pelvis and 
femur is noted so that any changes in the location of 



these centers that have been effected by the surgery may 
be calculated. Specifically, superior/inferior and medial/ 
lateral changes in the acetabular center relative to the 
pelvis and the femoral head center relative to the femur 

5 allow exact changes in the leg length and the offset as a 
result of the reconstruction. This allows comparison of 
the actual changes with those established as pre-oper- 
ative goals in order to determine whether those goals 
have been achieved. Further, the relative contributions 

10 of the acetabular and femoral components can be calcu- 
lated, thereby facilitating any necessary adjustments. 
[0022] Even when the hip joint does not have a well 
defined center, the leg length and the offset can still be 
determined from the known relative positions of the pelvic 

15 and femoral coordinate systems, although the separate 
contributions of the acetabular and femoral components 
can not be calculated in this case. 
[0023] The position of the acetabular and femoral pros- 
thetic components is determined (i.e., measured) with 

20 navigational probes or elements in the course of the op- 
eration. Specifically, using a navigation system, the ori- 
entation and center position of the original and the re- 
placement acetabulum are determined and stored. With 
the head and neck removed, a broach is inserted into the 

25 femur, using a broach insertion handle. Heretofore, a trial 
head and a trial neck were then fitted to the broach and 
a trial reduction (i.e., fitting of the trial femoral head to 
the replacement acetabulum) was performed and the im- 
portant parameters (leg length, offset, range of motion, 

30 etc.) were determined. Adjustments were made as nec- 
essary, and different broaches, broach positions, femoral 
heads and/or necks were tried with sequential trial re- 
ductions until the resultant measurements were accept- 
able. This could consume considerable time, and length- 

35 ened the course of the operation, thus increasing its risks. 
In particular, since the position of the patient on the op- 
erating table is not precisely known, the position of the 
inserted components is similarly not precisely known , 
and thus assessments of motion, leg length, and other 

40 critical parameters are also imprecise. 

[0024] The pertinent dimensions and shapes of the 
acetabular and femoral components that may be used in 
a hip replacement are stored in a computer system. A 
navigation frame is fitted to the broach insertion handle. 

45 As the broach is inserted, its position, and thus the posi- 
tion and orientation of any proposed femoral head and 
neck combination that might be selected for attachment 
to the broach, together with the resultant change in leg 
length and offset due to changes on the femoral side, 

50 can immediately be determined and provided in real time 
to the surgeon. Similar computations can be made of 
changes arising from the acetabular side, and thus the 
total changes in leg length and offset may be determined 
accurately without actually performing a reduction. Fur- 

55 ther, with the hip still disassembled before actual hip joint 
reduction, the range of motion of the hip with the pro- 
posed components may be computed in order to deter- 
mine whether those components would produce unde- 
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sirable side effects, such as prosthetic impingement with- 
in a desired range of motion. Thus, when the patient is 
ready for actual reduction of the hip (i.e., insertion of the 
replacement femoral head into the replacement acetab- 
ulum), the determination will already have been made 
that the selected components and positionings will pro- 
vide the desired parameters for proper hip operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The invention description below refers to the 
accompanying drawings, of which: 

Fig. 1 shows a navigation coordinate frame attached 
to a broach handle for providing component position 
data during a hip replacement operation; 
Figs. 2, 2A and 2B illustrate the determination of the 
axial and transaxial rotation of the pelvis from asingle 
fluoroscopic image for determination of a pelvic co- 
ordinate system for use in the present invention; and 
Fig. 3 illustrates the determination of a femoral co- 
ordinate system for use in the present invention. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE 
EMBODIMENT 

[0026] Referring now to Fig. 1 , a broach 1 0 of known 
geometry that is being inserted within a femur 12 is con- 
nected to a broach handle 14 having a navigation frame 
1 6 associated with it. The frame 1 6 carries a plurality of 
elements 18 extending in different directions in space. 
These elements may, for example, be infrared reflective 
elements such as are commonly used in conventional 
surgical navigation systems. A controller 20 receives sig- 
nals from the elements 18 and from these determines 
the instantaneous position of the broach handle and thus 
of the broach. The controller may be of conventional type, 
e.g., an infrared emitter which receives reflections from 
the elements 1 8 and from these determines the position 
(i.e., location and orientation) of the frame with respect 
to itself and thus with respect to other objects of known 
relation to it. 

[0027] The controller 20 in turn provides output to a 
monitor and controller 22 which provides the functions 
of an augmented surgical navigation system in accord- 
ance with the present invention. In particular, monitor and 
controller stores data defining the geometry and dimen- 
sions of components such as broaches, broach handles, 
and femoral replacement necks and heads that may be 
used in total hip arthroplasty. The data is advantageously 
stored on magnetic disk, such as disk 24, but other forms 
of data storage may be used if desired. 
[0028] The monitor and controller 22 advantageously 
includes a programmed data processor (computer) 26 
which uses the data stored on disk 24, as well as navi- 
gational data supplied from controller 20 during the 
course of an operation, to guide the surgeon in perform- 
ing the operation, as will be described shortly in more 



detail. To this end, the monitor and controller 22 provides 
a display area 28 which displays to the surgeon certain 
information concerning significant parameters pertaining 
to the procedure being performed, such as leg length, 

5 offset, etc. 

[0029] In order to provide a basis for the measure- 
ments to be performed, it is necessary to establish ap- 
propriate coordinate systems specific to the patient. In 
the case of total hip arthroplasty as described herein, 

10 these systems comprise a pelvic and a femoral coordi- 
nate system. A variety of such systems are known and 
may be used in the virtual trial reduction system de- 
scribed herein. However, I have found a way of greatly 
simplifying the determination of these coordinate sys- 

15 terns for total hip arthroplasty, and now describe a pre- 
ferred method for such determination . 
[0030] Commonly, a multiplicity of X-ray, fluoroscopic 
or other forms of images are obtained and used in defin- 
ing a pelvic coordinate system. The procedures typically 

20 require images taken from a multiplicity of reference 
points (front, side, etc.), and are thus time-consuming, 
and unduly prolong the operation when done during sur- 
gery. I have found that sufficient information may be ob- 
tained from a near AP (anterior-posterior) fluoroscopic 

25 image taken in a single plane as to enable the accurate 
determination of a pelvic coordinate system. The image 
may a single image, or may be a composite of two or 
more laterally offset images formed in the same plane. 
[0031] Thus, Fig. 2 diagrammatically represents the 

30 image of a pelvis as obtained from a near AP f luoroscope 
projection. In the preferred embodiment of the invention, 
three pelvic landmarks are used for the coordinate de- 
termination, namely, the right and left sacroiliac joints 50 
and 52, respectively, and the pubic symphysis 54. The 

35 surgeon marks these points with a navigated probe to 
capture them. If the hip is perfectly aligned with respect 
to the imaging plane, the pubic symphysis will be found 
to lie directly below the midpoint of the right and left sac- 
roiliac joints (absence of axial rotation of the pelvis). Fur- 

40 ther, the distance between the image of the pubic sym- 
physis 54 and the midpoint 56 between the images of 
the right and left sacroiliac joints 50 and 52, respectively, 
will represent the true vertical distance between these 
points, i.e., neither increased nor diminished by transax- 

45 jal rotation of the pelvis. Under these circumstances, a 
first pelvic reference axis is established as the line joining 
the right and left sacroiliac joints 50 and 52, respectively, 
while a second pelvic reference axis is established as a 
line connecting the midpoint 56 of these joints and the 

50 pubic symphysis 54. A third pelvic reference axis is then 
established as a line perpendicular to these two. 
[0032] If, however, the pelvis is tilted with respect to 
the imaging plane, either in an axial direction (i.e., about 
a vertical axis through the body, from top to bottom) or 

55 transaxially (from side to side), it will be necessary to 
correct the measurements for this tilt. This is shown in 
detail in Figs. 2A and 2B. 

[0033] Fig. 2A is a view from the top of the body looking 
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down along the axial axis and showing formation of two 
different fluoroscopic image of the landmarks. In a first 
image, the pelvis is aligned with the right and left sacro- 
iliac joints 50, 52 (indicated by closed circles), respec- 
tively, parallel to the image plane 62 of the fluoroscope. 
A source 60 of x-rays projects images 50i, 52i, 54i (indi- 
cated by open circles) of the landmarks 50, 52, 54 onto 
the image plane. Because of the parallel alignment of the 
sacroiliac joints and the image plane, the image of the 
pubic symphysis is midway between the images of the 
sacroiliac joints, i.e., the distances h 1 and h 2 are equal. 
[0034] A separate, second, image is also shown in Fig. 
2 for comparison. In this image, the pelvis is tilted axially 
by an angle 6 in the axial direction. The landmarks 50, 
52, 54 then assume the positions 50', 52', 54' (indicated 
by x's), respectively. Their images are then shifted to the 
positions shown as 50i', 52i', 54i' (indicated by rectan- 
gles), respectively. The image 54i' of the pubicsymphysis 
is no longer midway between the images 50i', 52i', re- 
spectively, of the right and left sacroiliac joint, but is shift- 
ed laterally by a distance Ah as shown. The amount of 
this shift is a measure of the axial rotation. In particular, 
the rotation is given by sin 9 = Ah/L, where L is the dis- 
tance between the x-ray source 60 and the image plane 
62. Thus, by measuring Ah on the fluoroscopic image, 
the axial rotation 9 may be determined and the first pelvic 
reference axis may then be correctly aligned with the 
sacroiliac landmarks on the rotated pelvis but based on 
measurements made in the single fluoroscopic plane. 
[0035] Because pelvic sizes differ from one person to 
another, the displacement Ah will be a function of the 
actual distance between the right and left sacroiliac joints. 
To correct for variations in this distance from patient to 
patient, the measured distance is scaled by dividing it by 
the inter-teardrop distance. The resultant ratio is a direct 
measure of the axial rotation of the pelvis with respect to 
the plane of the AP image. 

[0036] Fig. 2B shows the effect of rotation about the 
transaxial plane. In this figure, the orientation of a pelvis 
with zero transaxial rotation is illustrated by sacroiliac 
joint 50 and pubic symphysis 54 (indicated by filled cir- 
cles). The images of these landmarks on the imaging 
plane are shown as images 50i, 54i, respectively. A sec- 
ond, separate image taken with the hip rotated forwardly 
(anteriorly) about the transaxial axis by an angle cp is 
shown as having its sacroiliac and pubic symphysis land- 
marks at rotated positions 50', 54' (designated by x's), 
respectively. The projections of the latter are shown at 
50'i and 54'i, respectively, in image plane 62. The change 
in the vertical height of the distance between the sacro- 
iliac joint and the pubic symphysis, v 2 - v 1 , when divided 
by the inter-teardrop distance, is a direct measure of the 
rotation about the transaxial axis. 

[0037] With the axial and transaxial rotations of the pel- 
vis thus determined, the position of the pelvis in the frame 
of the operating room, as well as all components attached 
to it, is accurately known. Similarly, with the femoral co- 
ordinate system determined as earlier described, the po- 



sition of the femur and all components attached to it is 
accurately known. Thus, as an operation proceeds, the 
surgeon has instantaneous and accurate information as 
to the instantaneous location of the affected body parts 

5 and prosthetic components and can therefore make a 
"virtual trial reduction" based on this information prior to 
performing an actual reduction. This not saves time, but 
ensures accurate component fit and enhances the like- 
lihood of achieving preoperative goals. 

10 [0038] In particular, the surgeon may "try" a variety of 
prostheses virtually, and ascertain whether those pros- 
theses will provide the desired leg length, offset, range 
of mobility, and other surgical goals, all without actually 
performing a trial reduction. For example, the surgeon 

15 may select a particular combination of prosthetic acetab- 
ulum and femoral components and "try" these by instruct- 
ing the controller 22 to assemble these to the patient 
using the pelvic and femoral coordinate systems and hip 
center of rotation determined as described above, as well 

20 as data input by the surgeon or otherwise and defining 
the desired leg length, offset, and other parameters. The 
controller 22 retrieves the requisite dimensions of these 
components from its database, "assembles" these com- 
ponents virtually as they would ultimately be assembled 

25 physically, and tests the range of motion of the selected 
components in order to determine the characteristics of 
the resultant combination. The results (e.g., computed 
leg length, offset, range of motion, etc.) preferably are 
provided on visual display 30, but may also be provided 

30 in other form, e.g., as a hardcopy printout, etc Dependent 
on the results, the surgeon may proceed to implant the 
selected components, or may select one or more alter- 
native components for virtual testing until the best avail- 
able fit is found. The system thus guides the surgeon to 

35 the best available fit without unnecessary physical as- 
sembly/disassembly of components before the final as- 
sembly. 



*o Claims 

1. A method of providing without a patient tracker a 
patients-specific pelvic coordinate system from a 
single near AP intra-operative image of the patient, 
45 said method comprising 

forming a single intra-opdrative fluoroscopic im- 
age or the patient's pelvis in the near AP direc- 
tion using an x-ray source; 
50 defining first and second landmarks of said pel- 

vis on said image, said landmarks being sepa- 
rated from each other in at least an anterior-pos- 
terior direction; 

determining the transaxial displacement of said 
55 landmarks on said image; 

determining the axial displacement of said land- 
marks on said image; 

calculating by a processor using the transaxial 
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displacement has measure of the axial rotation 
of said pelvis with respect to the plane of said 
image based on the transaxial displacement, 
and 

calculating by a processor using said axial dis- 
placement of landmarks as a measure of the 
transaxial rotation of said pelvis with the respect 
to the plane of said image based on the axial 
displacement, 

wherein the axial rotation of the pelvis is calcu- 
lated as a function of the transaxial displacement 
and the distance between the x-ray source and 
the image plane. 

2. The method according to claim 1 wherein said first 
landmark comprises the image point of the pubic 
symphysis. 

3. The method according to claim 1 wherein the second 
landmark comprises the midpoint of a line between 
corresponding points on said image of the left and 
right sacroiliac joints. 

4. The method according to claim 1 wherein said dis- 
placements are normalized with respect to the sep- 
aration between a further pair of landmarks on the 
pelvis. 

5. The method according to claim 4 wherein said further 
pair of landmarks comprises the left and right tear- 
drops. 

6. The method according to claim 4 wherein the 
transaxial rotation is taken as a function of the rela- 
tion of said axial displacement to the corresponding 
displacements of electronic images of a sample of 
pelvises taken at a known orientation to said fluoro- 
scopic image. 

7. The method according to claim 1 or 6 wherein the 
axial displacement is k, and the transaxial rotation 
is a function of 

v-v c 

where v Q is the axial displacement distance corre- 
sponding to a non-rotated pelvis. 



Patentanspruche 

1. Verfahren zum Bereitstellen eines Patienten spezi- 
fischen Becken-Koordinatensystems, ohne einen 
Patienten-Aufspurer, aus einem einzelnen, nahen 
AP intraoperativen Bild des Patienten, wobei das 
Verfahren enthalt: 



Ausbilden von einem einzelnen intraoperativen 
Rontgenbild des Patienten-Beckens in der na- 
hen AP-Richtung unter Verwendung von einer 
Rontgenstrahlquelle; 
5 Bestimmen von einem ersten und einem zwei- 

ten Orientierungspunkt des Beckens auf dem 
Bild, wobei die Orientierungspunkte in zumin- 
dest einer Vor-Nach-Richtung voneinander be- 
abstandet sind; 
10 Bestimmen des transaxialen Versatzes von den 

Orientierungspunkten auf dem Bild; 
Bestimmen des axialen Versatzes von den Ori- 
entierungspunkten auf dem Bild; 
Berechnen durch einen Prozessor, unter Ver- 
15 wendung des transaxialen Versatzes als ein 

MaG der axialen Rotation des Beckens mit Be- 
zug auf die Ebene des Bildes, basierend auf 
dem transaxialen Versatz, und 
Berechnen durch einen Prozessor, unter Ver- 
20 wendung des axialen Versatzes von Orientie- 

rungspunkten als ein MaG der transaxialen Ro- 
tation des Bekkens mit Be zug auf die Ebene 
des Bildes, basierend auf dem axialen Versatz, 
wobei die axiale Rotation des Beckens als eine 
25 Funktion des transaxialen Versatzes und der Di- 

stanz zwischen der Rontgenstrahlquelle und der 
Bildebene berechnet wird. 

2. Verfahren nach Anspruch 1 , bei welchem der erste 
30 Orientierungspunkt den Bildpunkt von der Scham- 

beinfuge enthalt. 

3. Verfahren nach Anspruch 1 , bei welchem der zweite 
Orientierungspunkt den Mittelpunkt von einer Linie 

35 zwischen entsprechenden Punkten auf dem Bild von 
dem linken und rechten Sakroiliakalgelenk enthalt. 

4. Verfahren nach Anspruch 1, bei welchem die Ver- 
satze mit Bezug auf die Trennung zwischen einem 

40 weiteren Paar von Orientierungspunkten auf dem 
Becken normalisiert werden. 

5. Verfahren nach Anspruch 4, bei welchem das wei- 
tere Paar von Orientierungspunkten den linken und 

45 rechten Teardrop enthalt. 

6. Verfahren nach Anspruch 4, bei welchem die tran- 
saxial Rotation als eine Funktion von der Relation 
des axialen Versatzes zu den entsprechenden Ver- 

50 satzen von elektronischen Bildern von einer Probe 
von Becken, welche bei einer bekannten Ausrich- 
tung zu dem Rontgenbild aufgenommen werden, 
aufgenommen wird. 

55 7. Verfahren nach Anspruch 1 oder 6, bei welchem der 
axiale Versatz gleich k ist, und die transaxial Rota- 
tion eine Funktion von 
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v - v G 

ist, wobei v 0 die axiale Versatzdistanz entsprechend 
eines nicht-umdrehten Be ckens ist. 



Revendications 

1. Procede pour realiser un systeme de coordonnees 
pelvique specifique a un patient sans utiliser de sui- 
veur au niveau du patient, a partir d'une unique ima- 
ge A/P intraoperatoire du patient, ledit procede com- 
prenant les operations consistant a : 



mes gauche et droite. 

6. Procede selon la revendication 4, dans lequel la ro- 
tation transaxial est prise en fonction de la relation 
5 dudit deplacement axial vis-a-vis des deplacements 

correspondants d'images electroniques d'un echan- 
tillon de pelvis prises sous une orientation connue 
par rapport a ladite image fluoroscopique. 

10 7. Procede selon la revendication 1 au 6, dans lequel 
le deplacement axial est k, et la rotation transaxial 
est une fonction de 



15 V - V Q 



former une unique image fluoroscopique intrao- 
peratoire du pelvis du patient dans la direction 
A/P proche en utilisant une source de rayons X ; 
definir un premier et un second repere dudit pel- 
vis sur ladite image, lesdits reperes etant sepa- 
res I'un de I'autre dans au moins une direction 
anterieure/posterieure ; 

determiner le deplacement transaxial desdits re- 
peres sur ladite image ; 

determiner le deplacement axial desdits reperes 
sur ladite image ; 

calculer avec un processeur en utilisant le de- 
placement transaxial a titre de mesure pour la 
rotation axiale dudit pelvis par rapport au plan 
de ladite image en se basantsur le deplacement 
transaxial, et 

calculer par un processeur en utilisant ledit de- 
placement axial des reperes a titre de mesure 
de la rotation transaxiale dudit pelvis par rapport 
au plan de ladite image en se basant sur le de- 
placement axial, 

dans lequel la rotation axiale du pelvis est cal- 
culee en fonction du deplacement transaxial et 
de la distance entre la source de rayons X et le 
plan image. 

2. Procede selon la revendication 1 , dans lequel le pre- 
mier repere comprend le point image de lasymphyse 
pubienne. 

3. Procede selon la revendication 1 , dans lequel le se- 
cond repere comprend le point median d'une ligne 
entre des points correspondants sur ladite image des 
articulations sacro-iliaques gauche et droite. 

4. Procede selon la revendication 1 , dans lequel lesdits 
deplacements sont normalises par rapport a la se- 
paration entre une autre paire de reperes sur le pel- 
vis. 



ou v 0 est la distance de deplacement axial corres- 
pondant a un pelvis sans rotation. 

20 
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5. Procede selon la revendication 4, dans lequel ladite 
autre paire de reperes comprend les formes en lar- 
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